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A COMPILATION OF EXPERTMENTAT, FLUTTER INFORMATION

By H. J. Cunninghem and Harvey H. Brown
SUMMARY

Some sallent results of much of the postwar experimental resesrch
in the United States on the flutter of simplified wing and wing-aileron
models are complled and references to the sources are given. Results of
investigations by and for the National Advisory Committee for Aeronautics,
the U. S. Air Force, the Department of the Navy, and the Massachusetts
Institute of Technology are inecluded. The tabulated meterial is grouped
as follows: (1) wings without concentrated weights, Ee) wings with con-
centrated weights, simulated engines, or fuel tanks, 3) delta and tri-
engular wings, and (4) wings with control surfaces. Plots are included
to show experimental coverage of ranges of aspect ratio, Mach number, and
sweep angle for flexure-torsion flutter of simply constructed models.

INTRODUCTION

Flutter by its very nature ls an exceedingly complex phenomenon,
conbining aerodynamic, structural, and inertial effects. Tn splte of
commendable efforts in the theoretical field, thie complexity has often
Torced a reliance on experimental methods, with the result that there
now existe a considerable quantity of experimental flutter information.

A compilation of this experimental flutter information would per-
form three primary funciions for the flutter anslyst in industry edd in
research. These functions are: (1)} to provide an index which should
help the analyst to locate specific cases of interest, (2) to show what
ranges of configurations and speeds have been covered in past tests so
that duplication in future research would be avoided, and (3) to show
where there is a lack of Informetion on configurations of current
interest, and thus to serve as & guide to future research.

The present compilation is limited in its scope to postwar research
(with a few exceptions) done in the United States by and for the National
Advisory Committee for Aeronsutice, the U. S. Air Force, the Department
of the Navy, and the Massachusetts Institute of Technology. Thls research




2 ; - Gl NACA RM L53KO2a

Iy

has been done with finite-span simplified models (no two-dimensionsl
modele or complete airplanes are included). Not included are tests
related to stall flutter, control-surface buzz flutter, propeller-blade
and helicopter-blade flutter, and the flutter of metal coverings. A
small bibliography relating to these types of flutter ie provided herein.
Bven though the present compilation is not exhaustive, the information
included should be useful and can possibly be a basis for a more compre-
hengive and detalled survey.

ARRANGEMENT OF MATERTAL

The material has been grouped into tables in the following order:
Teble I presgents data for wings without concentrated welights

Table IT presents data for wings with concentrated weights, simu-
lated engines, or fuel tanks

Table III presents data for delta and triangular wings
Table IV presents data for wings wilth control surfaces

Each of these tables is further subdlvided to indicate the organization
performing or sponsoring the tests as follows: ' ’

(a) NACA

(b) Wright Alr Development Center of the U. S. Air Force
(c) Bureau of Aeronautices, Department of the Navy

(d) Massachusetts Institute of Technology

It was impractlcsble to include all parameters for every experiment
in the present compiletion. The 1ltems presented, however, include some
primary geometric and elastic parameters, some flutter test results, and
en indication of the source or reference vhere more detailed information
can be found for each specific experiment. The Information compiled was
obtained from references 1 to 44 and from unpublished testis.

The items 1n the tables are arranged according to increasing sweep
angle; these angles appear as subheadlngs within tables I, II, and IV.
For any one sweep angle the arrangement is according to increasing aspect
ratio. Since so many of the tests were of untapered models of uniform
section, mention of any teper ratio other than 1.0 is confined to the
"Remarks'" column. In the column of Mach number there are included the
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maximm Mach number of a few wing models on rockets or bombs which did
not flutter, even though such results are, in & sense, negative. The
notation (max., no flutter) appears beside such quantities. For con-
venlence the references are indicated in the tsbles by reference num-
bers, and the reference section 1s arranged in chronological order for
each orgenization. Also for convenlence, the test facilities are indi-
ceted in the tebles by code letters, which refer to a separate listing
in the "Facilities and Techniques" section.

In order to show the coverage of aspect ratio and Mech number for
flexure-torsion flutter of simply constructed models, figure 1 1s pre-
sented, based on the material of tables I to ITTY, and is divided into
four parts according to angle of sweepback: figure 1(a) is for sweep~-
back of 0°, 1(b) is for sweepback of 15° to 35°, 1(c) im for sweepback
of 45°, and 1(d) is for sweepback of 52.5° to 60°. The number of tests
of one wing or a related seriles of wings of constant aspect ratio over
a renge of Mach number is given. BSimilarly, for M = 1.3, the number of
tests of wings vwhich are of one type but vary in aspect ratio are given.

TERMINOLOGY

The terminoclogy which follows is presented to assist in the inter-
pretation of column hesdings and the "Remarks"” column in the tables.

Area, wing - The projected plan-form area, including intercepted
area in s fuselage, if present.

Aspect ratio - The ratio of the square of the span to the aresa.
For semispaen models the ares is twice the projected plan-form area and
the span 1s twice the semispan.

Delta wing - A wing having a plaen form similar to the Greek let-~
ter A, with the point foremost and the tralling edge vnswept. For the
wind-tunnel tests reported herein, the wing is a half-delta, clamped
along the line of maximmum chord.

Frequency ratio ah/ab - The ratlio of freguency of the lowest fre-
guency vibratlon which is primarily bending to the frequency of the low-
est frequency vibration which is primerily torsion. For most cases this
ratio 1s of the uncoupled frequencles; for unusual confligurations or mass
distributions, however, the frequencies are those of coupled or natural
vibrations.

Flat-plate section - An airfoil section which has paralle} top and
bottom surfaces; the leadling and trailing edges may be blunt or rounded.
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Hexagonal section -~ An airfoil section having top and bottom sur-
faces that are parallel except near the leading and tralling edges,
which are beveled to knife edges.

Mags parameter -~ The ratio of mass of a wing section of unit length
(excluding any externsl concentrated weight) to the mess of a cylinder
of "air" (or other fluid FPlutter medium) with unit length and specified
diemeter. The mass parameter for various wings 1s determined as follows:
(1) for simple delta wings, it is based on the rootor meximm chord sec-
tion; (2) for tepered or nonuniform wings, it i1s based on the section at
the three-quarter-semispan station, which section is normal to a chosen
reference (or elastic) axis; and (3) for untapered wings, it is based on
sections normal tc the leading edge.

Reduced flutter speed 1/k - The reciprocal of the reduced flutter
frequency k. Physically, this quantity is a reduced wave length in
that it is the number of semichords of alr passing over an airfoil sec-
tion for each radian of oscilietion. The reduced flutter speed 1s based
on root or maximum chord for delte wings and on the chord at the three-
quaerter-semispan station for all other wings.

Semigpan ~ Half the distance from wing tip to wing tip on rocket
and bomb models, or the distance from the wing tip to the tunnel wall
at which the wing root is supported, measured normal to the sirstream
direction.

Span -~ Twice the semigpan.

Sweep angle - The complement of the engle from the plane of symmetry
to a reference line. That reference line is the leading edge for delta
and triangular wings and is a chosen elsstic (or reference) axis for

other swept wings.

Taper retic -~ The ratio of the chord at wing tip to the chord st
wing root.

Thickness ratio - The ratio of maximum thickness to the chord for
an airfoil section in the stream direction.

Trienguler wing - A wipg with a taper ratio of zero, differing from
8 delts wing in that the angle of sweep of the trailling edge is not zero.
This wing 1s also known as an arrovhead wing. .
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FACILITIES AND TECHNIQUES
A. ILangley 2- by h-foot flutter research tunnel (formerly the Lengley
h.5-foot flutter research tunnel)
B. Langley supersonic flubter apparatus
C. Langley Transonic Blowdown Tunnel
D. Bomb technique of the NACA (a freely falling body with wings attached)

E. Rocket technique of the NACA (a rocket-propelled body with wings
attached)

F. Wright Air Development Center 5-foot tunnel

G. Cornell Aeronsutical Leboratory 8%'by 12 foot Varileble Density Tunnel

H. GALCIT 10-foot wind tunnel

T. Wing-flow method on an airplene

J. Massachusetts Institute of Technology Aero-Elastic and Structures
Research ILsboratory 5' X 7%' wind tummel

1
K. Massachusetts Institute of Technology 5' X 7% Wright Brothers Tunnel

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
TLangley Field, Va., October 19, 1853.
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TABLE I.- WINGS WITHOUT OONCENTRATED WEIOETS

() RACA
Geometric end elastic peremeters Flutter test informetion
Afrfodl
Bange of Range of Model
Aspect | Bemispan sectlon, Zreguency m reduced an of mass Iu:;u Test Referonce nusber Reaarks
ratic | in. vy ratic, T fuutter perazater | S Ifaciitty]
ratio onfay speed, 1k
) Angle of eweepback, O°F )
1.52 1.52 Heamgoual 0.3 1.3 10.22 4.5 1 B 26 kb
0.95% thick
2.00 | 8.00% [NACA 16-00% &35 L to (790]X.46 to k.69] k.3 to 16.k 2 A 16 163 |Tests in Freon
2.00 | 8.00h [MACA 15-005 [.533 to .53h).793 to .B882{%.16 to %.13{1k.28 to 23.91] 3 A 16 16k [Tests in Freco
2.00 | 8.004% |maca 16~003 o5 .720 to .863)k.98 to 6,7113.2 to 25.05 -] A 16 165 [Tests in Frecm
2.00 { 2.00 [Hexagomal 3T 1.3 17.10 179.5 1 B 26 é
0.9% thick i
%.00 | 3.00 250 L3 15.00 68.4 L B 26 2
1.66% thick
3,00 | 6.00 [Modified 605 1.3 T.T1 sL.T 1 B ] G-l
aire. arc
5.0% thick
337 | T.13  [Modifted 6% 1.3 9.04 3.5 h 3 B 9 DJL
eire, are
h.Thg thick
2.72 | T.50 [NACA 16010 64 1.3 10,03 130.0 1 B 9 B>
5.60 5.88 Baxagonsl 1.63 1.3 25.3%0 319.0 1 B 26 5
1.6¢ thick
3.96 | 6.0 Circ. are S32 1.3 g.72 67.1 1 B 9 [+ 3§
& thtok
R 6.0 Circ. aro R I. .52 .1 1 B c~2
3.5 8% thick 3 3 9 9
k.0 1.1k2 [NACA 63400k 365 A to 235 | Ak to 5.3 | BL.T to 36.2 | 23 c 30 400 |Taper ratia, 0.6
k.00 | 24.0 FACA 16-012 1l.111 .212 to .T3T|1.5%2 to k.58] 6.0 o S1.0 k] A 18 rr-;e-dhlu ribs and skin with
single spar
4.00 | 24.0 NACA 16-012 905 279 to .835[1.92 to 6.59] 7.7 to 101.6 9 A 18 #21-3&2 Belss ribs and skin with
singls spar; one test
in Freson
4.0 {15,996 |(MACA 16-005 52k 258 1.39 5.72 1 A 15 151 |Test in Freon with end
plate
L.00 [ 15.996 |MAGA 16-000 |.537 to .56h[.219 to .996[5.1¢ to 4.3T7(19.65 to k;.6 k] A 1%2 |Two tests with epd plate
%0 |15.0 HACA 16-00% A1 -] 2.9 13.5 i 4 1T 1A
.0 [2i6.0 RACA 16-00% TS .2k 3.19 17.6 1 A 1T 11 A
ko |16.0 NACA 16-005 6% T L) 40,5 1 A 17 |1 B Llut in Freon
ko 6.06 |MACA 63-007 8 1.3 10,15 6.9 L 2 9 A-1
k.l [2h.6 RACA 65-009 537 92 5,38 31.1 L E 7 |mR1-C [only left wing fluttered
h.%2 | 9.13 |Circ. arc 308 1.3 19.13 267.5 1 B 9 j 53
%.08 thiok
k53 | 9.13  [NACA 16~010 583 1.3 9.98 95.3 2 B 9 B-1
k=3 9.13  |mACA 16-010 - 1.3 10.3L 208.1 1 B 9 B2
53 | 9.3 |HACA 16-010 .63% 1.3 10.20 13,1 1 B 9 B3
433 | 913  [MACR 16-010 57 1.3 10.40 115.3 1 B 9 Bk
k35 | 9.13  |Double wedge 215 1.3 19.61 150.8 1 B 9 F-1
3.0f thick
%5.00 | 5.00 |Bwmgonel 187 1.3 17.75 157.% 1 B 26 3
2.08 thiek
5.3% | 21,373 [HACA 65-009 .180 1.025 65.8 2 1 v
6.0 | 36.0 MACA 16-012 <L <110 to 315 [1.98 to k.20| 5.9 to 8.2 8 A 18 {if-32-3) Belss Tibs and skin with
single spar
6.0 3.0 MACA 16-012 <TAL 299 to JMS5]L.TO to 2.7k 1.k to 12.0 T A 18 'T-32-5 |Balas ribs and skin with
single spar; tests in
. Frean
6.0 |36.0 MACA 16-012 .60L 20k to .622[2.26 to T.99} T.6 o 7.0 T A 18 F’l—;&-! Balsa ribe and skin with
single sper
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TABLE I.- WINGS WITHOUT CONCEXTEATED WEIGETH - Conti-wed

15

{a} Continued
Geametric and elastic persmsters Flutter test information
AdrLoll
Bange of Range of Model
Aspect |Sexispan, ’-:m frequency Nach mﬂ?:r Teduced Range of mass "'::“ Test Beference| . = ver Bemarks
Tatio in. thickness atio, X 7| flutter peTiomtar [, L. |facility
ratio ol wpeed, Lk
Angle of sweepback, 0°
6.0 36.0 MACA 16-012 0.600  |.308 to 5T2|1.69 to 3.6 | 2.3 to 1T.1 T A 18 fe'r-je-s ribs end skin with
single sper; tests in
Fraon
6.0 36.0 MACA 16-q1p 551 306 to MNT7BIL.E9 to 2.52 | 2.6 to 1.8 b A 18 [39-%2-3 Balss ribe and skin with
single spar
6.0 .0 WACA 16-010 162 TS5 T-43 6.1 1 |4 15 1kl
6.0 2.0 NACA 16-010 239 623 3.95 12.k 1 26 W2 t in Freon
6.22 | ch.9% NACA 16-010 22 .88 k.2 2 E L4 % and & [Instrupeantation to indi-
cate wing fallure but
not frequency
information
6.8 | 27.375 | MACA 65-009 159 K- 18,68 TT.3 1 2001
6.5 | 27.575 | MACA 63-009 119 1.0n 0.0 1 2002 flutter up to listed
(max., no . Mach
tter)
6.6 | 27.375 | MACA 65-009 179 R: -] 21.68 11.0 1 5 3001
6.0 | 27.575 | WACA 63-009 254 ( L.1h5 ™.2 1 D 5 3002 {Wo flutter up to listed
BEX., DO
ﬂ.uﬁ".ar)
6.8% | ZT.375 | WACK 635-009 <185 055 100.% L o 1 EIL
6.9 27.625 | MACA 65-009 205 .88 92.8 1 D 1 T
7.0 1%.00L | NACA 16-010 27 to .26%] kg8 to .BOM[5.A2 to 7.35 [11.85 to 36.T| & A 16 132 ts in Freon
T.0 1k.COk | KACA 16-020 ~292 T3 to .815|k.15 to 5.T0 |25.3 to 3k.2 2 A 16 133 s in Freca
T.0 1k.00k | MACA 16-010 238 355 6.42 3k.8 1 A 16 15% with end plate
7.0 1h,00: | NMACA 16-010 26% 383 5.6 3.0 1 A 16 135
T.22 26,873 | MACA 63A005 235 1.17 10.72 32.6 1 D 3§ 60C1
T.22 28.875 | MACK 634009 K- L3 1.168 33.1 1 D 41 6002 [No flutter up to listed
.y n? Mach m=ber
T.28 29.19%5 MACA s;(og)m A3 K. 3 18.7 1 }: 1 =00l {¥o flutter up to listed
{max., no Maoch mrzber
Tiutter)
T3 29.375 | NACA 65A00% to J6T K., 13.8% T2.6 1 D a8 TOOL |Thickness ratio tapered
MACA 63A002 from M ab ToOt to 2
at tip
7.3 29,575 | HACA 65400k to 163 K.~ 13.5 12.6 1 D 21 T002 |{Thickness retic tapered
MACA 654002 from ¥ at root to 2%
at tip
7.3 29.375 | MACA 65A00k to 163 1.07 16.95% TS 1 o] 21 8001 [Thickness ratio tapered
HACA 63A002 from 4% et root to 28
at tip
T.3 26.37% | KACA 65A004 to 169 1.05 16.92 85.8 b3 o 21 8002 |Tuickness ratio tapersd
KCA 654002 from k¥ at root to 2%
st tip
T.5% | 29.3T5 | MACA 654009 263 .86 120.1 1 ] 13 5002 |Mo flutter up to listed
{max., no Hach mmber
flutter)
7.38 685 [MACA 6mA0OKk to |.158 to .169| .8k to 1.16 |11.6 to I7T.k | k5 ta & 18 c 29 |1 and 2|Thickness ratio tapered
WACA 634002 from kX at root to 26
st tip
T.%0 T.50 Haxagonal .11k 1.3 21.%0 133.0 1 B 26 1
3.2% thick
8.0 48.0 HACA 16-012 55 126 to .356]2.5% to T.6R | 5.6 to 70.9: 9 A 18 | 17-32-k|Balsa ribs and skin with
singls spar
8.0 k8.0 HACA 16-012 Ak |.146 to .MOH{2.5T to 8.37 |6.9 to L10.T 9 A 18 [ 39-%2-k/Balsa ribs end exin with
single spar
8.0 8.0 NACA 16-012 Aok 1151 to J59%]2.58 to 12.36(T.6 to 190.T 8 A 18 | 27-58-h|Palsa ribe and skin with)
li.l:‘ln spaxr
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(2} Continued

NACA RM L53K02s

Geometric and elastic perameters

Flutter test informetion

Aizfoil
Range of Rsoge of jHodel
Aspact [Senispan i:nm frequency Bange of retuced. Range of mass mzer Test | Reference bopper Remarks
ratio in, thicy ratio, Mach “nmhe:, flutter parameter |, o |facility
ratio %-F\x epesd, 1/k
Angle of swespback, OF
8.0 48.0 [MAOA 16-002 0.5k AT7 to ATT{3.7T9 to 10.76 | 9.1 to 93.5 9 A 18 27-31-%|Balsa ribs and skin with
single spar
8.0 L8.0 |maca 16-012 596 +208 to .329[1.9% to 3.05 | 1.k to 9.1 [ A 18 17-32-k[Balsa ribs and akin with
single spar; tests in
Fraca
8.0 48.0 [RACA 16012 Lk 216 to 395 Mo dats 2.7 to 17.1 6 IS 18 %9-k2-k |Balsa ribs and skin with
b single spar; tasta in
Froon
8.0 48.0 |MACA 16-0i2 45y 220 to (395 | 1.2 to 3.1k | 1.9 to 12.3 6 A 18 £7-36-k [Palse ribs and skin with
single spar; tests in
Freon
8.0 | 38.0 |moca 16-002 RrA 209 to M8 2.68 0 k.88 |3.2tosk.0 | 6 i 18 [e7-31-%|Balse ribe and skin with
single spar; tests in
Treon .
8.35 | 33.37% | KACA 65-009 11k 867 102, 1 D 1 I
9.0 36.0 {MACA 16-010 163 296 6.33 5.9 1 A 16 121
9.0 6.0 |MACA 16-010] .169 %o .1TL {.599 to .&00 1%.5% 8.0 to 165.1] 2 A 16 122 |Ooe test in Frean
9.0 36.0 JHRCA 16-0I0 .166 379 343 11.08 1 A 16 123 |Test in Freom
12.0 48,0 [MACA 16-010| .121 to .183 |.20 to .44 k.:.g to k.16 |12.8 to 9%.5 -] A 17 91 |Tests tc determine effect
of center-~of-gravity
shift
12,0 k8.0 |mch 16-010 096 22 to .63 2t 8 9 to 266 b2 A 8 B |el tests in Freom
12.0 48,0 {MACA 25-010 Q216 816 T.22 50.3 1 A 16 m
12.0 | 8.0 [uaca 16-010 136 835 to .4e9|7.79 to 16.28 [k2.1 0 156.5] 3 A 16 1e
12.0 x8.0 MACA 0010 |.088% to .0BB9|.346 ta .7B6{5.5% to T.25 [19.k to 163.3] 3 ' 16 11k }Possible second bending-
=de flutter
12.0 38,0 [MmACK 16-006 187 603 to .767(2.95 to 10,59 {36.1 to 103.T| 3 A 15 115 |Possible mecond bending-
mode flutter
12.0 8.0 HACA 16-006 703 685 10.11 153.3 1 A 16 116 |Pcssible second banding~
mode flutter in Freon
12.¢0 38.0 |MACA 16-01G | .121 to .19 [.536 to .T56 [19.03 to 20.hl]| 185 to 273 & 16 T
12.0 8.0 FACA 0010 J126 265k 3T ka5 [Onpublished | CW.hA |Also tested with com-
cantrated waight -~
see table II
12.0 58.0 MACA OOLO 117 W15 k.05 kb 1 A Unpublished| CH-HE |Also tested with con-
centrated weight -
aee table II
12.0 k8.0 RACA 0010 A1k 323 3.97 5.0 1 A Unpublished | CH-kC |Also tested with con-
centrated veight -
ses table IX
12.0 48.0 HACA 0010 .120 25 3.86 PLR 1 A Ucpublished | CH-LF |Tests with concentrated
. : weight in table II
2.0 ¥8.0 RKACA 0010 a7 S19 3.80 kh.9 1 A Unpublished | CW-k0 |Tests with concentrated
veight in teble IT
l2.4 24.8 HACA 16-010 A3 30 T.67 6.8 1 T 304 |Wing failed
2.k 2.8  |WACA 16-01C 136 .29 6.7 37.8 1 17 308
12.h 24,8 NACA 16-010 | 161 to 179 | .63 to .8 | 9.0 to 18.T [%0.5 to 98.9 3 17 30C |Tests in Freon} wing
Talled on third test
1.k 2h.8 |NACA 16-010 | .106 ta .106 | .2k to .65 | 3.87 to 5.36 |2h.2 to T5.0 'S A 17 koa 5.:;51-.- in Freon; 1 in
12.k 2h.8 MACA 16-010 P I K B 2% k.08 3%.5 1 A 7 JOB iWing failed
12.k 2.8 |MACA 26-030 Bl 23 3.55 8.7 L A ir hOC |[Wing failed
12.5 25,8 |NACA 16-010 .112 & 5.05 9.0 " ° 1 A 17 4D [Test in Freon
12.% 24,8 |RACA 16-010 113 4o 4.1 33.1 1 A 17 50A
2.4 2.8 |HACA 16-010 el 52 2.61 8.66 L A 17 5B
13.0 26,00k 158 to .190 [.262 to .753 )] 2.89 to T.65 [10.1 to 1%9.2| 10 A 6 118 [Possible second-bending

mods flutter




NACA RM L53KO02a

TABLE T.- WINGS WITHOUT CONCERTEATED WEIQHTS - Continned

i5

(a} Continued
CGeonetric and elastic paranaters Flutter test Information
Afrfoil
Range of Range of Hodel
Aspect|Gemtapan, [ ,SATEIR) | frequency | Bange of rednced  [Renge of mase [MODOT| pesy |Peferescelp g Reoavia
ratio in. thi chemu s ratio, u ¥ flutter parameter Leste [rRCIlity]
ratio spesd, 1/k
Angle of sweepback, 17°
2.0 8.00h MACA 16-005 |.334 to .34T[.TLB to .912 | k.39 to T.22 |1h.12 to 35.55 6 F Y 15 166 |Tests in Frecn
%0 | 16.0 NACA 16-003 Je to MIT | .6k to LT |2.39 to 3.52 | 5.69 to 11.2 3 'y 17 12 |Tests in Freon
ko | 15.0 MACL 16.00% S5 to 508 | .30 to L6k |1.h5 to 3.50 [ 2.19 to 18.T 3 I 17 22' |Tests in Freocn
1.5 | 2.0 MACA 16-009.66|- .160 .31 to .33 |2.81 to 2.95 | 6.7 to 8.76 3 2 17 3500 |Tests in Freon
11.56 | 2k.0 MACA 16-009.66 -10% .25 k.5 5.1 1 A 17 hoa
11.56 | 2.0 MACA 16-009.66 161 K ) 15.90 .6 1 Iy 17T T0C |Test in Freon
1.5 | 2k.0 KACA 16-009.66 .11k to .215] .50 to .67 |3.85 to 5.22 | 36.2 to &.0 2 A 17 D |Tests in Freco
11.%6 | 4.0 NACA 16-009.66 121 i3 2.72 8.58 1 A 17 50B |Test in Freon; modsl
fuiled
12,18 | 25.1 MACA 16-009.66 079 29 ta Tk | 9.0 to 15.T7 | 37.2 to 8.5 2 A 7T T2 |Tests in Preoa
12.18 { 25.1 Hodified .087 to .156| .29 to .38 (10.1 to 5.8 | Th.5 to TT.9 3 A 17 92 |Tests to determine
MACA 16-009.66 effect of centar-of-
gravity shift
13.0 26.0 HACA 16-010 09T 33 to W& 6 to 20 1% to h2 27 8 A |18 tests in Freon
15.9 | 32.8 MACA 16-009.66].06T to .068] .29 to .66 |6.17 to 19.75|13.5 to 130.0 & i T 62 |Tests iz Frece
Angis of swespbeck, 3P
1.36 1 1.66 Bexagonal 044 1.5 8.3% .5 1 B 11
0.82h% thick
163 | 1.96 &3 1. 15.28 179. 1 B
an'_argmlo. e ] 3 3 79.5 13
2.06 2.3 Baxagonal SS0L 1.3 9..T 68.% 1 B 8
1.k3g thick
2.38 [ s.66 Hexagonel 55 1.5 £.31 37.0 1 B 19 L
%.6k% thick
2.2 | 6.0 Cire. arc Jk2 1.3 7.3 k8.0 1 B 19 3
5.59% thick
3.00 | 3.46 Bexagonal 185 L3 23.70 319.0 1 ] 12
1.38% thick
3.08 3.52 a2k 1.3 1k.10 157.5 1 ] 25 10
1.5{%1 thick
3.99 5.58 |NACA a78 1.3 9.73 68.0 1 B 2
65(08)-00T7.35
.0 | 15.8 NACA 16-005 55 b8 2.32 715 L 17 13 |Test in Freom
ko | 1s.8 NACA 16-00% |37k to .393( .A2 to .81 [1.68 to 3.69 | 3.18 40 1.9 1 17 25 |Teats in Preom
k.7 5435 Bexagonal 135 13 15.59 153.0 1 26 T
2.77% thick
5.k | 6.26 Bexagonal 215 1.3 20.05 199.% 1 B 9
2.75& thick
5.68 | 26.) WACA 299 T8 7.5 30.27 1 B 15 |{TRe-4L
65(09)1\007.8
8.5 | 20.k Modified Losg to .126)] .23 to k1 [9.90 to Lk.5k] 73.2 to T8.O 3 A 17 93 |Tests to determine
MWACA 16-008.66 effect of center~of-
srevity shift
9.3 21.% HACA 15-008.66 r.136 to I37 30 5.68 to 5.72 | 57.7 to 57.8 e A T 0o}
9.3 21.5 MACA 16-008.66 A%k .38 2.0 8.9 L A 1T 30
9.3 21.% MACA 16-008.66 05 .30 37.5 1 A 1T oA  |Wing feiled
9.3 21.5 MACK 16-008.66 [.160 to .161] .63 to .81 |T.%% to 11.5@|k0.0 to 81.hk 3 A 1T 30C |Testa In Freon
%3 aL.5 NACA 16-008.66 .13 N: -] 5.4 8.2 1 A 1T QD |Test in Freon
9.3 2.3 MACA 16-008.66 .12F .61 3.55 9.0k 1 A 1T 508 [Test in Freon
9.76 | 22.% NACA 16-008.66 056 D7 %0 .88 | 8.02 to 15.9%|3%.T to 108.0 3 A 17 T3 |Tests in Freom
12.76 | 29.% MACA 156-008.66 |05k to .063| .29 to .6k |[T.85 to 18.61] 15.2 to 98.2 5 'y 17 63 |w tests in Freon
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Gecuetric and elastic perameters Flutter test information
Alrfoll
Range of Range of Model
Aspect|Semtepan,| 23T, | frequemcy | PanE® OF [ opien Lﬂn&u of mues|TIR| gy | Reference oo ) Rexarks
ratic in, mm‘”"““ retio, N /| flutter parameter [ieotg [fecility
retic spesd, Lfc
Angle of sweepback, 3%.5°
9.28 | 43.7 MACA 65-012] 0.128 |.67L to .Be0|3.32 to 8.5 | 15 to 32 A [Unpubl ished] CH-22 | Taper ratio, 0.528; also
tested with concentrated
weights - see table II
Angle of sveepback, 33°
5.7 | %90 |HACA 0.38% 1.3 9.98 78.1 B 19 ]
65(03)-006.95
575 | 591 [Mch “hon 1.3 9.88 T7-0 B 19 5
68¢08) =005.96
3.73 1 5.91 |MACR 357 1.3 9.12 68.7 -] 19 [
65(08)'“"*
375 | 9.9L  |MAcA 361 1.3 9.04 67.% B 19 T
55(08)-0Cﬁ.96
3.3 | 5.91 [HACA RSTY 1.3 8.19 :-X ] B 19 ]
65(08)=005.96 J
Angle of sweepbeck, 15°
1.13 | 1.5 Nexagonal 0.438 . 1.3 T.02 6k.5 B 26 22
0.567% thick
1.38( 1.95 Bexagoral 373 1.3 12,5 279.5 B 26 23
0.64% thick
1.50 | g.as Eexagonal 316 1.3 T.72 68.% B 26 16
1.1T% thick
1.60 | 1.8 Haxagonal 4503 1.3 6.90 6.5 B 26 25 | Tip modified
0.6T% thick
192 | 2.3 Hexagonal 286 1.3 6.85 68.4 B a6 1T {Pip modified
1.17¢ thick
2.00 .a RACA 63A00k iy .85 %o 1.30 2.7 to 3.75] 8.9 to Lh.k | 12 c 30 245 | Taper ratia, 0.6
212 | 3.02 Haxagonal 222 1.3 18.21 319.0 .| 26 28
1.13% thick
2.13 | 3.02° | Bexagonal 256 1.5 1.4k 157.5 B 6
1.31% thick
g.62 | 31,5 MACA 3 R} 26.0 E 3 FRL-A | Tnatmumentation to indi-
65(09)-006.15 cate wing failure but
not
tiong left wing failed
2.62 | 31.5 MACA .263 65 kg 27.0 E 6 FRL-B | Left and right wings
65(09)-006.k fluttered under nesr
1dentical conditicne
2.6% 3.36 Beongonal 27 1.3 11.91 157.5 .} 21 | Tp modifiea
1.51% thick
2.66 | 2h.0 Flat plate 238 .3 5.3 25.0 A B, |Taper ratic, 0.% thick-
0.55 to 1,1 (uean) ness ratio 0.%5% at root,
thick 1.10€ at tip
3.00 k.2k 132 1.3 12.70 133.0 B h17
2.26% thick
3.13 | 26.%75 | KACA 16-00% A7 1,23 2.k D Mo flutter up to listed
(mex., no Mach nusber
£lut:
3.13 | 25.575 | NACA 16-003 a6 1.2% 215.8 ] 2k Fo flubter up to listed
{max., no Mach number
flutter)
5.50 | 493 Heragonal L1y 1.3 16.10 199.5 B 26 18
2.87¢ thick
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(o) Contimued
v
Gecmetric and elastic parsmeters Flutter test information
Adrfoil
action Hange of Range of Kodal
Aspect|Semispan, L;clnd:l.nc frequency Iwh nué.:r reduced Range of mass lmof“ Test muber| Bemarks
ratio in. thickness ratio, X > Tiutter paraceter tasts facility:
ratio D0y speed, L/
Avgle of mwmspback, W5°
3.7 | 593 0.1kT L.3 13.80 133.0 1 B 26 TIp modified
T2o0% thicx
3.88| 6.1 Cire. arc 285 1.3 11.1% 96.5 1 B 19
T.1% thick
3.88 | 6.01 Cire. arc .31k 1.3 11.80 120.0 1 B,
T.1% thick
3.93 | 22.26 [MACA 410 1.k 39.TL 1 E FE2-GR|¥o flutter up to listed
63(0g)A006. % {max., Do Mach mmber
fluttar)
3.95 | 22.26 |MACA 385 L.kh 40.83 1 B 15 FR2-GLiNo flutter up to listed
65(09)A006J} (max., nt): Mech mober
1
- k.o L.1k2 | MACA 65A00% 2k .80 ta 1.39 | k.2 to 5.3 |3T.l w0 61.2 | 19 c 30 5  |Twper ratio, 0.6
ko | 16.0 HACA 16-005 (.23l to .239{ .56 to .81 [2.%6 to 5.2k [T.76 to 19.8 -] & 26 1k |Tests in Freon
ko | 13.% HACA 16-005 |.2%3 to .@60[ .3k to .8L [1.66 to 5.70 |3.6% to 30.6 5 A 1T 2k |[Tests in Frecn
10 | 6.0 gcu 1.3 12.60 120.0 1 B 19 ]
(10)'°°7'” 313
k.10 | 6.0 MACA 276 1.3 11.13 91.7 1 B 19 10
63(20)=00T-53
k10 | 6.0 NACA .270 1.3 11.28 91.7 1 B 19 n
55(,_0)-007-55
10| 6.0 NACA 265 1.3 1.60 1o7 1 B 19 12
63(30)~007-33
k.25 | 5.61 |Hexagonal 125 1.3 k.98 199.% L B 26 Bip modified
2.235% thick
kS | 25.175 |RACA 125 .92 11.9% 125 1 D ] kool
65(0g) 0064
A5 | 25175 |MAacA 13T 925 12.45 237 1 D 5 kocz
55(09)-005.¥
é.0 1.0 NACA 63A00L 0 .73 to 1.32 | 5.2 to 8.0 k1l to Th 21 [+ 30 6%5 |Teper ratio, 0.6
6.2 |17.5 HACA 16-007.1 [.157 to .139] .3k to .35 .89 37.8 2 A 17 308
6.2 |17.5 RACA 16-007.1 .160 .6 6.69 3.2 1 'y 1T 30C |Test in Frean
6.2 |11.8 NACA 16-007.1 B k1 2.38 8.85 1 4 1T 300 |Test in Freon
6.2 17.5 NACA 16-007.1 Ak T3 T.88 39.1 1 A it k0D |Test In Freon; wing
fuiled
62 |i7.5 NACA 16-007.1 121 68 2.28 9.45 A 17 5CB |Test in Freon
6.50 | 18.% RACA 16-00T.1}.083 to .086] .35 to .85 [k.02 to 13.25| k.2 to 120 A 17 % |Tests In Freom; wing
failed on third test
T.26 | 20.5 MACA 16-00T.1 |.0%% to .103| .60 to .63 [2.89 to 3.88 [9.15 to 9.55 3 A i g & |Teats in Freocn to stuly
offects of tip shape
T1.62 [ 21.6 Hodified 059 to .129{ .1T to .21 {T.68 to 8.80 68.2 3 s T ok [Tests to determine effect
MACA 16-007 of center-of-gravity
shifi
8. | 32.0 RACA 65A009 251 R: ] 9.0 .25 1 27 606L |Taper ratio, 0.5%
8.ar | 32.0 HACA 654009 <1k2 89 9.02 78.%0 1 oT 606R | Taper ratio, 0.5
- 9.5 |2k.2 MACA 16-00T.1 106k to .06T| .22 to .66 re.ss to k.42 12.1 to 116 5 T 6k |& tests in Frecn, 1 in
adr
Angle of sweepback, 52.5°
k0 [ 1.1k2 I NACA 65A00H l 0.17 I.'m to 143 | 3.8 to 6.5 I55.6 to 70.9 l 18 ' c [ %0 , %] |€Elp¢r ratio, 0.6

qﬁ—- -
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TABLE I.- WINGS WITHOUT CONCENTRATED WEIGERS - Continued

(s} Concluled
Gecwwtric and elastio perameters Tlutter test informetion
Airfoil
Rangs of Range of Hollel
a I P ) ssction, frequency Range of reduced of mass | Test, Refarancel .o=o. . Remmrks
ratic in, mm"s ratio, X 71 flutter parameter paqry |facility
ratio spesd, L/
Angle of sweepback, 60°
0.66 | 1.31 |Hexagonal 0.25 1.3 5.13 6453 1 P, 6 9
0.7 thick
K- 1.88 |Baxmgonal <19k 1.5 9.5 179.% 2 b ] 26 3
0.45% thick
1.00 | 2.00 |Bexagone? 253 1.3 7.00 68.% 1 B 26 26
0.82% thick
1.38 [ 2.7% |Baxagonal 8103 1.3 10.11 157.5 1 B 26 28
1.00% thick
1% | 3.0 2,008 thick o5 1.3 T.65 ™.0 1 B 19 20
.50 | 3.0 2.25% thick 478 1.3 T.05 62.0 1 B 19 38
1.69 | 3.38 [Hexagomel 1.3 15.00 319.0 1 B 26 30
0.80% thick
2.0 k.0 3.50% thick 520 1.3 .60 10%.0 1 B 19 18
2.0 &.0 3.25% thiok 506 13 945 917.0 1 B 19 19
2.06 | 6.2%5 [Cire. axc 55T 1.3 1150 128.0 . i B 16
4.35% thick
2.16 | 17.3 NACA 65A00%.5 RY:.) 1.47 ha.46 1 E 15 m-ux.]na flubter up to listed
(max., no Mach number
fluttar)
2.16 | 17.3 NHACA G5AOOL.5 521 1.7 k2.2 1 x 15 R2-10R|No flutter up to Listed
RAX,, 0O Mach pumber
flutter)
2.85 k.50 103 1.3 1%.33 199.5 1 B 26 27
1.;35 thick
247 7.70 Cire. arc 500 1.3 17.2% 178.0 1 B 19 15 |[8ection centers of
4,2%% thick gravity at quarter
chord
3.10 [ 2.4 RACK 16-00% 126 Bt 39.8 1 A iT 308 |Wing failed
5.1 | 12k HACA 16-00% 158, K] 1.9% 9.5 i A 17 MO |Test in Freon
3.30 | 13.0 MACA 16-005 |.086 to .088| .%% to .56 .31 {15.8 to 16.7 2 A T T5 |Tests in Fracn
3.50 | 13.2 Hodified 112 to 218 .30 to .Uh (3.3 to 9.93(65.0 to T5.8 3 A 7 93¢ (Teats to detarmine affect
KACA 16-005 of center-of-gravity
shdft
3.5 | 13.83 HACA 69A010 .368 Lol 5.0L5 29.7 1 E 15 FR2-13 |Laft snfd right wings
fluttarsd simultanecusly
3.92 | 6.0 Cire, ara 208 1.3 26.90° 216.0 L B 19 17T
6.95% thick
0 1.152 | KACA 6%AOOh 097 .9 to 13T f 6.5 to 8.8 | 7T to 124 1% [ 30 k60 |Taper ratio, 0.6
ko | 25.0 TACA 15-00% 129 S to .62 [3.38 to 4.3019.10 to 1K.0 2 A 17 15 |Yests in Freon
h.0 |} 16.0 MACA 16-00% {.126 to .13af.M to .79 6.70 [9.36 to %h.6 A 17 2% |Tasts in Freon; models
238 Tailed
k.2h | 17.¢ MACA 16003 o713 67 9. Th Bh,2 1 A 17 65 |Test in Freon
k.25 } 2348 HAQA 694009 Jq96 1.09 18.36 29.17 T b 27 60TL | Taper ratic, O.%
hoes | 235k MACA 654009 179 1.09 18.36 59.98 1 ) ] 27 60TR | Taper ratio, 0.5%
5.%0 | 22.0 NACA 16-00% |.06T to .OT9| .35 to .Ml |6.53 to 9.66[54.1 to 34.6 3 A T 85 |Tests in Fraon to study
effacts of tip shape
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TABLE I.- WINGS WITHOUT COMCENTRATED WEIGHTS - Continued
(b)ﬂri@tmbemmtcenterofﬂnm 8. Alir PForce
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Geometric and elastic parsmeters

Flutter test information

i Range of | Dange of Mumber Referance Remarks
Aspect [Semispan, 1::; P ch mumb reduced Rangs of mass o; Test
ratio in. thic:m T Muttar paramater facility
ess . & speed 1/1 tests
ratio d
Angla of sweepback, O°
1.1> ik NACA )-8 Unpublished Also tested with
0010 ailaron free
2.25 37-3 NACA L8 to 1.1T 0.33 to 0.22| 2.6 to 7.1 |20.0 to k6.6 | k9 ¥ Umpubiished Various tip-tank
0009-5 econfigurations
2.5 10.0 NACA .18 to .23 |.66 to 1.0l |I12.2 to 1k.7| 62 to 7B 1 I 5
6350008
3.11 | 28.0 HACA .35 to .53 1+ to 30 | 1h0 to A30 5 <) 32 and 33
k.os 36.0 Clark .25 to .30 | .08 to .09 | k.5 to0 5.3 1.0 8 F 31 Two elastic-axis
™15 positions
T.¢ 21.0 HACA L5335 ta .83 <.10 .56 to 2.65 [1%.8 to 27.6 | 32 J % Two elastic-exis
£23013.5 positions
11.0 5%5.0 WACA 312 to .508 <10 1.3 to 5.% {13.9 to 27.8 | 2T I 36 Two elastio-axis
23013.5 positions
Angle of sweepbeck, 1%°
3.8 .8 Clexrk 10.23 to 0.30{0.08 to 0.09| k.5 to k.7 3.0 3 F 3 Tvo elagtic-axis
-1k .5 positions
Angle of sweepback, 30°
3.0+ 3.2 Clark [0.25 to 0.30(0.09 to 0.10{ k.0 to k.k 3.0 3 F 3k Ivo elastic-axis
YM-13 positions
Angle of sweepback, h5° -
1.15 1.k NACA E Unpublished Also teated with
oo aileron free
1.2% T-07T | MACA .18 to .23 |0.66 to 1.01[12.2 to 1h.T| 62 to T5 11 I )
654008
1.% 19.8 RACA .35 t0 .93 1k to %0 1k0 to k30 60 [+ 32 and 33
0005.6
2.03 25.% Clark .25 to .30 | .10 to .11 | 3.5 to 3.7 3.0 k F . Two elastic-axis
™-10.6 positions
Angle of sweepback, 60°
1.02 18.0 Clark .25 to 0.30}0.11 to 0.1k 2.% to 3.2 an.o k ¥ 13 Two elastic-axis
™-T.5 positions
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TAELE I.- WINGS WITHOUT CONCENTRATED WEIGHTB - Comtimzed

(o} Bureau of Asrcnautics, Department of the Bavy

NACA RM L53K02a

Geometric and elagtic parameters

Flutter test informetion

Adrfoll
Range of Bange of 1
A Semt . section, r hﬁn@e of & 3 R of mass Nu:gc:r Test erence} Remarks
ratio in. minclnung. ratio, unut °%s |  rlutter parsmeter tests facility
ratio Th /%, speed, 1/x
Angle of sweepback, 0°
k.0 HRACA .558 to 591 [.069 to .0T6|1.82 to 2.17 1.9 2 I 38 1 |[Two center-of-gravity
0010 positions
k.0 MACA .319 to .328 [.093 to .1L7}35.k0 to k.95 1:.9 2 I 33 3 |Two center-of-gravity
oare positiona
7.1 30 b ys) 350 <.10 5.26 18 1 ho Taper ratio, O.%%
)
T.1 %0 NTS 567 <.10 6.98 18 1 ko Taper ratic, 0.%
8.0 T2 B3 <36k <10 2.86 to 5.%6 &8 2 J 37 ‘Taper ratic, 0.5; sym-
netrical and antigym-
metrical tests
8.0 T2 »7s .39 <10 1.4% to 3.750 13.6 T J 39 Taper ratio, 0.5; sym-
metrical and antisym-
metrical tests
Angle of sweepback, 23°
h.0 2k NACA .387 to .lkd |.083 to .089(2.28 to 2.6 11.9 2 J 5 |Two centar-of-gravity
0009 positions
k.0 2 FACA 226 to 24T [.091 to .108[3.62 to 3.79 n.g 2 J 38 6 |Two center-of-gravity
0009 positions
Angle of sweepback, 33°
5.0 18 NACA .386 to A5k .0T9 |2.18 to 2.38 1.9 2 J 38 9 |Two center-of-gravity
0008.2 positions
3.0 18 NACA .218 to .259 [.072 to .079[3.16 to k.07 1.9 2 J 38 10 |Two center-of-gravity
0008.2 positions
k.0 2h KACA 322 to .368 |.097 to .109]2.48 to 3.00 11.9 2 J 38 7 |Tvo center-of-gravity
0008.2 positions
k.0 NACA L2201 to 2% |.081 to .102]3.9% to 5.1k 1.9 2 J 38 8§ |Two center-of-gravity
0008.2 positions
5.0 30 HACA 285 to .306 [.096 to .127(2.79 to 3.18 n.g 2 ¥ 38 11 |Two center-of-gravity
0oc8.2 positions
5.0 30 HACA 173 to 1Tk [.093 to .10k|3.97 to 4.93 1.9 2 J 3 12 [Two center-of-gravity
0o0d.2 positions
Angle of mep’hu_al,_lf
k.o RACA £h8 to 282 [.10% to .120|3.2h 10 %.66 11.9 2 J 38 & [Tvo center-of-gravity
000T.1 positions
koo WACA 176 to .180 |.073 to .093M4.23 to 5.32 n.g 2 J 38 2 |Two center-of-mravity
0007.1 Ppoeitions .
(4) Messachusetts Institute of ‘Peclmalogy
Geometric and alastic paramsters ¥lutter test informatiom
Adrfolil
Range of Renge of | Model
Aspect {Seniapen, ,_:cﬁ‘;:; uonge Of | refuced  [Rengs of mass|™ULT qest [RETERONceliusber| Regarks
ratio in. thickness ratio, M ’ flutter pararceter tests facility
ratio o foy epeed, 1/k
Angle of sweepback, O°
6.0 30 NT5 0.359 to O.Mik| <0.10 2.52 to 2.63 18.0 T I ko Various apounts of
simlated damage;
taper ratio, 0.5
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TABLE IT.- WINGS WITHE CONCENTRATES WEIGRES, SIMILATED ENGINES, OR TANES

()

NACA

Gecmetric and elastic parameters Flutter test information
Afrfoil
Ranga of Raage of Model
Aspect [Semispan, llec]tmn" l frequancy Mact !of reduced Rapge of mams l\:l:te.r Test Beference oumker Respris
ratio in. thickne:f ratio, " * fiutter parameter teats [facility
atio speed, 1/k
Angle of sveepback, O° =
1.k2 2.13 0.708 1.3 2.0 n.5 1 B Unpublished| 2  [Gollow tute carried at
1.1% thick wing tip vitk length
t~ airstress
dispeter, 1 inch; length,
T inches
1.50 2.25 |Baxagonal 1.0k 1.3 12.6 oT.0 1 B Oopublished| 0 Do.
2.13€ thick .
1.67 2.50 jHexagonal 1.00 1.3 12.9 97-0 1 B Uopublished| 21 Do.
2.13% thick
1.7 2.53 |Hexagonal 21 1.3 17.9 97.0 1 B Unpublished| 13 Da.
2.1%% thick
17T 2.66 |[Sexagonal 76T 1.3 18.6 9T.0 1 B Umpublisbed | 12 Da.
2.13% thick
2.00 2.00 |[Eexagonal .60 1.3 =.T 215.0 1 B Unpublished| I Do.
1.15% thick
2.00 2.00 [Hexagonal £5 1.3 &.0 213.0 1 B Unpublisted| II Do.
1.15% thick
2.00 3.00 [Hexagon &1 1.5 18.2 97.0 1 B Unpublished | Ik Do.
2.13% thick
’
2.2% 2.23 |Bexagonal 61 1.3 63.5 3.0 1 B Unpublished| TIT Do.
1.15% thick
2.55 3.50 ragona £93 1.3 26.8 7.0 1 B Unpublished| 17 Do.
2.13% thick
.5 3.50 |[Hexagon 550 1.3 20.2 97.0 1 B Unpublisked| 11 Bo.
2.15% thick
2.0 3.73 na 59 1.5 3.3 97.0 1 B Unpublished| 20 Do.
2.12% thick
2.58 3.87 nel 465 1.3 18.2 §T.0 1 B Unpublished| T Do.
2.13F thick
2.66 .00 nal .512 1.3 22.8 S1-0 1 B Unpublished| 5 Do.
2.1%% thick
2.83 k.25 529 1.3 3Lk 9T.0 1 B Unpublished| 16 Do.
2.13%Athick
2.96 [Pt Y axago: S32 1.3 Nk 97.0 1 B Unpublished| 18 Do.
2.13% thick
3.00 k%0 onal k2l 1.3 .3 g7.0 1 B Uspublished| & To.
2.13% thick
3.00 k.50 axngonal 516 1.3 29.8 97.0 1 B Uopublished] 15 Do
2.13% thick
3.8% &.87 nal 511 .3 26.0 97.0 1 B Uopublisted| 19 Do.
2.13% thick
.Gk .Gk 367 1.3 63.0 380.0 1 B Unpublished| ¥ Do.
1.99% thick .
2.1 h.0 KACA 0010 |.12% to .233{ .27 to .82 | 3.5 to 13.0 [21.2 to 66.0 = Uopublished| A-1 |Taper ratio, 0.571
5.1 4.0 MACA 0010 5T Zh]l to .25k B.52 to 21.%2 [96.6 to G2.0 | 28 Unpublished| A-2 [Teper ratio. 0.57L;
fusl-sloshing study;
tank empty to full
5.5 33.6 NACA 15-005 |.k13 to .G4T| .11 to .91 | 2.3 to 33.0 |T.k to 38.0 | 106 A Uapublisted| 120A |Taper ratio, O.heg
5.8 | 335.6 NACA 16-005 |[.k13 to .6%T| .10 to .1k | 3.7 approx. T-35 ur. 29 Unpublisted] 1208 |Taper ratic, O.h22
6.0 .0 NACA 16-00: -2 SR to Jb16 [11.2k to 25.24}62.0 to 63.% a Unpublished|D-1B,2{ Fuel-sloshing study;
tank epty ta full
9.0 35.0 |Flat plate .088 to .119| .08 to .15 [3.25 to 13.19 k3 15 A 13 A |Weight at different
1.125% thiek spamvize positicns
ot mldchord line
9.0 %.0 |Flat plate 076 to .133| .08 to .15 |3.8% to 15.05 3 15 'y 13 A |Weight at different
1.12% thick sparise positions
on leading edge
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PASLE IX.- WINGS WITE CONCEWTRATED WEIGHTS, SDULATED ENGINES, OR TANKE - Continued

{a) comtimued
Geometric and elastic parasetars Flutter test informstiom
Afrfoll
Bange of R Rangs of [ Model B 3

Aspect [Semispen, ;‘ﬁ‘:‘; Ireguency Mach mr.i;.:t reduced Range of masn l\n;!;u- Teost Reference nusber
ratio in. thickness ratio, M 4 flutter varameter |, ... |[facility

ratio anfo speed, 1/x

Angle of swespback, O°

10.0 k0.0 HACA 16-00k .08k to 133 .29 to .39 | 5.5 to T.1 5% to 62 22 A ig Weight differed In mass,
shape, and ghordvise and
spanvise position

'

12.0 .0 BACA 16-00k 073 to .105] .15 to .3 | 3.7 to 11.0 | 77 to &.7 ie A [Onpublished| D-1 |Weight tested st various
spanwise positions;
experinsntal determine-
tion of flutter mode
sbtapes made

12.0 8.0 MCA 16-010 .18% to .5158] .20 to .7k | .85 to 2.6 9 to k6 96 A 2 Testa vwith aingle weight
differing in size and
chardwise and sparvise
positicn

12.0 8.0 NACA 0030 .12¢ to 213} .3k to .2 {3.95 to 9.22 [k1.8 to k3.9 7 A lthpublinhad CH-kA | Flexibly mounted veight
tested from root to tip

12.0 k8.0 NACA 0020 215 to .231] .21 to .35 |3.60 to 15.55|k2.1 to k3.9 | 1o A Unpublished [CW-kA |Rigid weaight tested from
root to tip

12.0 48.0 FACA OO0 18k to 87| .40 to b3 [10.3 bto 21.53{M5.k to A6.3 3 A Unpublished [CW-AE {Flexibly mounted weight
tested from 90 percent
semispan to tip

12.0 A8.0 MACA 0010 - .182 to .196) .23 to .38 |%.70 to 16.85{h2.3 to M3.O 5 A Oopublished [CH-5B |Rigid veight tested from
65% sexispan to tip

18.0 8.0 NACA 0010 2192 to .22%5{ 3T ta A0 [T.20 to 11.87(k6.6 to kT.3 4 A Unpublished ICW-UC |Waight tosted from 35f to
65 semimpan

12.0 '| 8.0 NACA 0020 185 to .207] .30 to 37 |7.T2 to 9.26 |k6.3 to kT.C 3 A [Uopublished ICH-UC | Flexible weight tested
from 308 1o 65%
senispan

12.0 k8.0 HACA 0020 J186 to .219] .28 to .36 [3.06 to 9.63 [k3.k to k6.k b A Kinpublishod [CH-AF | Rigid weight

12,0 48.0 BACA 0020 2178 to .203] .28 to .34 [K.90 to 9.5k (L5.1 to kS.b " A [apublished JCH-AT | Flexibly mounted weight

12.0 38.0 HACA 0010 .185 to .186] .2T to %6 [4.02 to 5.3% |k7.0 to k8.5 b 'y finpublished [CW-ba | Rigld weight

12.0 k8.0 RACA 0020 192 213 k.89 k.6 1 A Lished [CW-hG | Flexivly supportsd weight

12.0 8.0 NACA 16-006 59 to TS k2.5 to 189 19 A Unpublished | 21

12.1 M0 MACA 65(,_15)-01); .18% %o .300{ .96 to .6k |6.2% to 11.22f 13.3 av. 5 A Unpadlished [CH-5 | Taper ratio, C.Th2

Angle of sweerback, .57
9.28 | k3.7 MACA 653012 [.0%2 to .152] .28 to .39 {15.8 to 18.§ | MT.3 av. 3 A [Unpublished oW-2 |Taper ratfo, 0.428;
. weights at inboard

and cutboard span
position

9.28 | W37 MACA 6% -012 [.173 to .202( .50 to .7h | B.2 to L1.2 | 12 to 1k 3 A [UEpubX tshed [CH-2B mr ratio, 0.428) both

card and

veights at different
chordvise positions

9.28 | W37 NACA 691-012 .11 to .206 | .71 to .BO | %5.66 to 6.2 16.6 b A [Unpublished |CH-2K | Taper ratio, 0.h28)
inhcard of two weights
at different chordwise
statians

9.28 5.7 EACA 6% -012 (.175 to .181) .57 to .7h | 6.5 to 8.8 5.k 3 A thub].hhed [CW-2F | Taper ratio, 0.k28; out-
board of two weights at
different chordvise
stations

.28 3.7 NACA 6%-012 {.116 to .2AT} .58 to .Th |k.62 to 6.26 35 6 A Unpublished [CV-2J | Taper ratio, 0.h23)

. of two veights
at &iffersnt chordvise
stations

9.28 L3.7 MCA 6% ~012 [1T72 to .10k Sk TM8 to 8.62 13 to 13 e A 23 Taper ratio, 0.k28
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TABLE II.- WINGS WITH CONCERTRATED WRIGHTS, SIMULATED EWGINES, OR PANKS - Contimed

{a) Concludea

Gacmetric end elastic parsmeters Flutter test Iinformation
AtrLosl -
Range of Rangs of Moded
A + [Bemt , section, £ ney Bn.ug:::r a a Ra of mass !u:}ar Test Raferscce|
ratio in. m"“ﬂ“‘"“‘ ratio, [|EecB *Ts|  fintter parameter factlity
cxness M tasts
ratio speed,
Angle of sweeptack, &%
k.5 25.% 7at plate |.051 to .1kk| .08 to 3% [3.37 to 8.5 b3 20 A 13 ] Weight at different
8¢ thick span positions on
lesding edge
k.5 5.k Fizt plate [.076 %o .127| .13 to .18 [6.80 to 10.2% = 35 » 13 B |Wedght at different
thick span positions on
5.68 23.3% Flat plate [.OTh to .1k2| .10 zo A3 [1.36 to 13.61[36.h to hO.k 18 A 1k B-1 [Waight at different
8% thick span positions oa
leeding edge
5.68 | 23.3 r;t plate [.080 to .13 | .15 to .20 [6.1T to 19.95|37.0 to 38.2 | 15 ' 13 B-1 |Weight at Qifferent
thick span positicna on
midchord
5.60 | & 7lat ylste [.O7h to .1T%| .09 to .kl {1.7%0 to 15.k |57.% to h1.8 | 1B A * B-2 |Feight at different
8% thiok span positiors on
5.80 | & Fizt plate [.O75 to .222[ .15 to .19 [5.90 to 19.M1|%h.9 to0 6 | 15 A 1k B-2 |Woight at differsat
thick span poaiticns oo
mfdchord
Angle of sweepback, 60°
2.25 18 m;.&hh 082 to .148] .10 to .0 |N.25 to Wh.22 3.0 18 IS 13 [ Height at Aifferent
O. thick spanwise positions
on leading sdge
2.25 | 18 rn;énto -0TT to 13| .16 to .26 [7-2T to 1.2k *.0 13 ' 13 C  [Weight &t differsat
Q. thick spanvise positions
on wldchord line
3.kk 23.% Flat 0% to .140f -13 ta .2 |3.96 to 18.6%[33.% to 37.1 17 A 1k C~1 |{Waight at &ifferent
0. thick sparTise positions
an leading
3.4 23.k  [Flat plate |.0T2 to .221| .20 to .29 [6.56 to 19.51(33.8 to .9 { 3k A 1 C-1 |Weight at &ifferent
0.56% thick spaovise positions
on wddchord
3.62 | 24,9 [Flat plate |.072 to .1%%{ .12 o .5 |4.70 to 1T.% [37.5 to hag 8 A b3 C-2 |Waight at diffevent
0.56K thick sparwize positions
on leading edgs
3.62 | oh.9 mgénea .068 to .211) .18 to .27 |6.95 to 30.70[36.h to 33T | 1+ A ik C-2 [Weight at different
Q. thiock spuniise positions
omn

23
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TABLE II.~ WINGS WITH CONCENTBATED WEIGHTS, SIMILATED EMOINES, OR TAMKS - Continued
(o) Wright Air Developwent Center of the U. §. Air Force

Georeiric and elastic parsneters Flutter test information
Adrfoll
= Range of Range of . o Model
Aspect [Seaispan, mm:::a fraguency lhchimmn::r reduced Rengs of mass or” Test Baference | mmiber Bamarks
ratio in. thickness ratic, M *l flutter persmetar |, ... |facility
ratio speed, 1/k
Angle of sweepback, 0O
5.1 T2.0 NACA T2 to 1.535 | .13 to .52 |k.k to 26.2 6.1 13 [} b3 2 and 3|Taper ratic, 0.43;
oals - antisymmetria flutter;
aileron Jocked and free;
chordwise and spenvise
locations of engine
nacelles varied
{c) Burean of Aeronautics, Department of the Navy
Gecmetric end elastic persmeters Flutter test 1nfurnl_\t16n
Alrfoil
Range of Rangs of Model
Aspect{Senispan, [lect]ion, frequency | W! Io:r reducsd Range ‘of masa m‘;" Test | nunber Bemarks
ratioc in. mmm“ ratio, M flutter paraneter tests facility
ratio apeed, 1/k
Angle of sweepback, 0P
7.1 30.0 w75 0.337 <0.10 h.6 18.0 1 J ho Taper ratio, 0.%%;
veight at 35% semispan
8.0 T2.0 Lyl <384 <.10 3.23 to 11.2 13.6 £ J 37 Float at 1€} various
11.5% thick float frequancies;
taper ratio, 0.%
8.0 72,0 |N78 <.10 1.79 to .18 13.6 123 J 39 S4mulated engine at
11.%% thick 19.8% semispan;
aileron included
8.0 T2.0 NTS <.10 1.02 to 3.30 1%.6 159 J 39 Bimlated engine at
11.5% thick 33.5% span; ailaron
inoluded
8.0 T2.0 NTS <.19 1.61 to 9.93 13.6 250 J 39 Simulated engine at
11.%% thick 46.8¢ spanj ailercm
ipcluded
8.0 72.0 N7% <.10 1.85 to 5.83 13.6 a7 J 7 s at 20 and
11.%% thiok ssmispan; taper
retia, 0.5
8.0 T2.0 .y <.10 1.95 to 11.1 13.6 28 J 37 Tip tank ~ with and
11.5K thick witbout liquid;
teper ratic, 0.%
{4} Mesmachusetta Institarte of Technology
Geomstric aod elsstic paramatars Flutter test informetion
Alrfolil
Range of Range of Hodel
Aspect|Semispan, m':cl‘;i:& frequenay Humir reduced Range of massm m’::“ Test Referance nuber BRezaris
ratio in. thickness ratio, o 1 flutter paremeter |, ... Pacility|
retio on foy, speed, 1fk
Angle of swespback, O°
6.0 30.0 XTS5 .3%0 to A <0.10 .92 to %.18 18.0 3 I h2 Tip tanks; verious
simlated damage
taper ratio, 0.
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TABLE IXI.- DELTA AND TRIANGULAR WINGS

25

{e) XACA
Gecmetric and elastic peraneters Flutter test information
Atrfoil
Swwep Semispan, sectlion, e | Pange of m-:f Rarge of xass mber Test Re e wm
':g:" ratio | im. fzelndiog ratio, |MOD IMNeTs| fttar | pareseter |07 |meilse
retio LV mpeed, Lfk
13 TAS 6.00 Flat plate 1.3 5.30 50.8 2 ] 226 1 |Triengulsr wing,
1.03% thick trailing edge swept
forvard 15°
15 T-b5 6.3 Flat plate 1.3 10.13 67.6 1 B 26 2 Triangnlar viog,
0.89% thick trailing edge swapt
forvard 15°
15 -85 3.25 Flot plate 1.3 13.00 70.0 1 B 26 3 ving,
0.92€ thick tralling edge svepl
foovard 159
is T-k5 5.50 Flat plate 1.3 T-72 131.0 1 B 26 »
0.61% thick trailing edge swept
fonarxd 13°
2.5 | b2 6.00 méénu 1.3 ATT 2.6 1 P 26 13 |rriangular ving,
0. thiok trallicg swapt
forwxd 22.9°
2.5 | k.62 T.00 Flat plate 1.3 k.63 k0.3 1+ B 26 b wing,
0.53% thick treilicg edge mwept
forvard 22.7°
22.5 | k.8e 3.2% Flat plate 1.3 11.9% [T ) 1 B 26 15 ving
0.61% thick trailing edge wwept
forvard 22.%°
22.% | k.BR k.00 .| M=t te 1.3 11.k2 116.0 1 B 26 16 |Triangular
0.%h%¥ thick 4railing edge swept
forvard 22,%
.} k% 3.25 Flat plate 1.3 T.25 ko1 1 B 26 12 |Triarguiar wing,
0.50€ thick trailing edge swapt
forvard 15°
30 6.5 5.50 Flat plate 1.3 T-T0 1.h L B 26 53 |Delta wing
1.04% thick
30 [-X-1 6.50 Flat plate 1.3 .33 63.0 1 :] 26 & |Delta wing
0.85% thiok
0 6.5h %.2% Flat plate 1.3 9.25 .6 i B 26 7 |Deita wing
0.85F thick
30 6.5k 5.13 Flat plate 1.3 .20 131.0 1 B 26 8 [Delta wing
0.61% thick
&5 .00 36.0 MACA 16-00k 0.hg .30 to .81 {1.35 to 6.2 6.8 to 165 %8 A 25 I |Delta wing; scme tests
(Mann} with tip cut off
LT &.00 18.0 HACA 26-00% k8 35 to .75 {2.8 to 6.8 | 12.1 to BT 2 A -] I |Delta wing; scae tests
(Mean) with tip eut off
A5 .00 [ 36.0 Flat piate .25 22 to 80| Tta38 |125w209| 29 A 25 TIT |Delts ving; scwe tests
with tip cut off
kS %.00 k.15 Flat plate 1.3 k.60 .6 1 B 26 17 | Delts wing
0.70% thick
k5 k.cO0 5.75 Flat plate 1.3 5.kh (%30, 1 B 26 168 | Delta wing
0.5 % thick
(% x.00 3.3 Flat T%hte 1.5 5.38 ».7 1 B 26 19 | Delta ving
0.47¥ thick
[1] k.00 3.81 Plat plate 1.3 8.5 101.0 b} B 26 20 | Dolts wing
0¥ thick
ks .46 %] Flat plate L5 6.3 .. aT.0 3 B 26 ¢ | Trianguler wing,
0.95% thick odge svept
tack i'?
%5 5.46 5.25 Flat plate L5 T.T9 61.5 1 ] - 10 | Triangulsr wing,
0.81% thick u-u.u;s edga svept
back 1
ks 5.6 k.25 Flat plate 13 10.04 1287 1 B 86 11 | Priangular wing,
0.58% thick trn.ﬂ;-; edge svapt
back
60 231 | 22.79 [MAOA 63(0g)-006.5] .30 | .9 %o L11 vl 1 B 20 Delta wing
60 .31 | 18 NACA 63A003 325 1.08 2.98 %1.38
i (Meen) 1 E 8 Delta wirg
2] 2.3 .13 Flat &uu 1.3 3.36 2.7 1 B 26 21 | Delia wing
0.%6% thick
60 2,31 5.68 Flat plate L3 k.20 25.6 1 B — 26 22 | Delte wirg
0.31% thick
60 2.3 R Flat 1.3 k.ho 25.8 1 B 26 Delte wing
0.34% thick
60 2.31 %73 mminu 1.5 6.05 60.2 1 B 6 2 | Delta ving
f 0.26% thick




TABLE ITY.- DREIXA AHD PHTAWGULAR WINGE - Concluded
(b) Wright Atr Development Cemter of the U. 5. Air Foree

Gecmetrlie and elsstic parameters

Flutter test Informtion

Alrfoll

Range of Renge of Madel
M Aspect | Genispan, i:ectim, frequency " m] IOf reduced Rangs of mass mﬂ&er Test Reference numhar Beparis
nﬂasgl ’|ratio in, thicmcl ratio, % " flotier perometer tests [feellity
ratlo o speed, 1fk
1.15 L1k FACA 0.3 i Tnpublished [Delts wing also
0010 tenated with con-
trol surface
free
{¢) Burean of Aeronantics, Department of the Favy
Ko information includsed.
(2) ¥assachmestts Tnetitute of Technology
Geometric and elestic paremeters Flrtter tast information
Arfoll
Range of Range of Hodel
Bwaap Aspect |Bemispan, section, frequency Bange of radnced Bange of masa Fmber Test Refersnco mmiber Besurke
':‘1;;’ ratio in, iﬂ-cltllins” faness | Tti0, ;‘m“' flutter ParTmcter tn::u raclity
ratio D[R veed, 1fx
T O|0.513 | 12.0  [Klliptiosl 0.10 81 to 1.0k 20 ) 4 b Delte wing
spanwise

gc
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TPAELE IV.- WINGS WITH CONTROL SURFACES

(a) xaca

¥o information included,

(b) Wright Air Development Center of the U. 8. Air Foroce

27

Geomatric and elsstic paramstars Flutter test informstion
Adrfoil .
Bange of Range of Rangs of
Aspect |Semispan, ol Fange of reduced Fange of mmsa Fomber Test Reference Baxarke
ratic in. m ratio, ratio, lm:h.:mi:u-, flutter paramater “:‘:. facility
Tatio epfg spesd, 1/k
Angle of svespback, O°
1.15 ¥L.k | NACA OQ10 0.51 .28 to 1.28 X {Unpublisbed)See table I(b} for
2.25 57.3 |MACA 0009-6k .23 4k to T9 | .03 to .23 |1.0 to 16.3 20.0 ¥  |Urpublished
2.25 37.3 |MACA 0009-6% .88 56 to 1.26| .03 to .23 (1.0 to 16.5 20.0 ¥  |Unpublished|With ecpty tip tank
5.10] 72.0 | KAGA cOl6 &J 6.4 -] 3
T.0 21.0 (MACA 23013.5[.533 to .785|.15 to k. <.10 i to 3.96 115.8 to 27.6 | Wk J 36 Two elastic-sxis positions
T.0 21.0 NACA 23013.5[.3%T to .462].13 to h.6k, <10 <98 to 3.70 |13.8 to 27.6 | M5T J =6 Tvo elastic-axis positions
T.0 21.0 |MACA 23013.5{.23% to .k0OL|.1T %o 3.92| <.10 1.10 to 3.65|13.8 to 27.6 | 438 7 56 Two elastic-axis positicns
1.0 33.0 [MACA 23013.5[.312 to .508[.11 to 3.%3 <10 78 to k3% [13.9 to 27.8 | k2 J % Twn elastic-axis positions
1.0 33.0 [|MACA 23013.5f.22h to .325(.15 to 3.5% <10 1.27 to 5.58]13.9 to 27.8 | ka7 T 36 Two elastic-axis positions
1.0 33.0 [NACA 23Q13.5}.172 to .25 (.15 to %.10 <10 1.23 to 3.80]13.9 to 27.8 | k3% T 36 Two elsstic.axis positions
Angls of sweepback, %5°
1.15| K1k Lm 0al0 | 0.1 I.n to .92 I I I l | x Immu-mls.e table I(b} for
locked aileron
Angle of sweeptack, 60° R
1.15| k1.k I MACA 0OLO I 0.32 I.J.D to 1.1.1| I I l T [ lmmbmmim table I(b} for
Iocked silercn
{c) Bureau of Aercnautics, Department of the Navy
Qecmetric and elsstic parametars Fiutter test informetion
Adrfoll
Barnge of Range of Range of
Aspect [Sentapen, | S0 | troquency | trequency | P60 O | retuced  |Range of meas{™oe| Test Facarks
ratio 1n. thickness ratic, ratio, X | flutter reraceter |p. i, [FRcility
ratio @njag Tl mpeed, 1A
Angle of sweepback, O°
8.0 T72.0 s .0 to 1.55 <0.10 1.5 to 3.k9 3.6 T J 39 Taper ratio, 0.5
8.0 72.0 L.y>] .0 to k.33 <.10 1.96 to 8.5 13.6 18 J 39 srer ratio, 0.5: flost
at 95h% span
{2) Massachusetis Institute of Techmology
Gecastric and elsstic paramaters Tlutter tast information
Mrfoll |} Rapge of | Range of or | Bazes ot
Aspect Cenisp: s 2 Range reduced Ranga af Test
Tato | dm 7| includine ratia, ratio, (Wech EDer, e parancter | L [tacility
“"‘*‘"‘nm . onjo, g fag spesd, Lfx tests

Angla of aweepback, 0°

6.o| 60.0 |m2301:!

3.66 |

0 to Sl l 0.10

|J..66 to 1.'rk|2.:.a to 2.22 | > l

x|

43
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L NACA RM L53K02e
Semispan Wwings
cgmilgver ong( Wir‘\:%s
wings rockets bombs
in wind
tunnet
A a. Deita and triangulor
Swept or unsw wings without
O Q g et:%m:en‘tro’l*edept weigh
o Swept or unswept wings with
concentrated weights or tubes
+ + Wings which did not flutter even
© at moximum Mach number
14
Number c.:f| tests
O 10 O
1
14
177
12 F-Om
G 67
22
{e] F---
28
- e 4 )
B To]
8 O 59 Q
o L (ST O0T %
Aspect ratio —O 8 Sox ™ >
o Q
1 36 P
6 T B g myn LR A Gy e e A
[ Y P RPN ] < vy G T 1 > g
[}
i
4 o, 26 e ® & 23 O
20
2 7T—C
a®)
o] .2 4 6 .8 10 1.2 14

Mach number

{a) O°..sweep.

Figure I.— Coverage of ranges of aspect ratio and Mach number for
bending-torsion flutter of models listed in tables I to II.
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10

Aspect ratio

8

Number of tests
4 ‘@]
© 5 27 Sy
O 5
8 O
3 O
9
¢ £ sl . 0
O—F3—D 23 8
b
13
Q JP
- 1 S
15
O 6
D
4 [ 12 3
Mach number
{(b) 15°+t0 35° sweep.

Figure |.- Continued.
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30
10 Number of tests
O 5 O
8 <
o 3
3 o
O 3
D 3 —0
6 S 21 ©
Eb—.—.?}-_—:,’s.—..—_:-d% ~ 4:’
Aspect ratio il
O -~ 35-—-r0
4 A () T 19 ‘)J
298 " O]
*
0] Q a
2 o {2
18
o 2 . . .4 .6 .8 10 1.2 14
Mach number
(c) 45° sweep
Figure L.- Continued.
6 11 1 1
OO0 Number of tests
3
4 e, 4q o G 33 R 7, S
—:;,::“.52;—:“:‘2_3_ ;
Aspect ratio o R
2 O- - ~|-32- - -1 4 AR 13 “
(o)
o 2 4 6 8 0 1.2 14
Mach number

{d) 525° to 60° sweep

Figure .- Concluded.
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